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DYRLGDOOWKHULVNVFDXVLQJIDLOXUHVZKHQWKHEXVLQHVVLVLQLWVLQLWLDOSKDVH,WLVREVHUYHGWKDWEXVLQHVVHVWHQGWRIDLO
GXH WR PXOWLSOH UHDVRQV OLNH ODFN RI NQRZOHGJH RU SRRU FXVWRPHU VDWLVIDFWLRQ 6WDWLVWLFDOO\ PRUH WKDQ 
EXVLQHVVHVH[SHULHQFHWKHORVVRUIDLOXUHLQWKHILUVWVWDJH7KHRUHWLFDOO\WKHUHDUHQXPEHURISDUDPHWHUVWKDWGHFLGH
WKHVXFFHVVRUIDLOXUHIRUDEXVLQHVV8VLQJWKHVHSDUDPHWHUVDV\VWHPFDQEHGHYHORSHGWRIRUHFDVWWKHSHUIRUPDQFH
RIVPDOOVFDOHRUVWDUWXSEXVLQHVVHV
3HUIRUPDQFH RI D ORFDO EXVLQHVV GHSHQGV XSRQ YDULRXV FKDUDFWHULVWLFV RI WKH SODFH LW LV VHW XS )RU H[DPSOH WKH
UHVWDXUDQWEXVLQHVV LV OLNHO\ WRSHUIRUPEHWWHU LQ D WRXULVWGHVWLQDWLRQ ,W LVQHFHVVDU\ WRXQGHUVWDQG WKHVH ORFDWLRQ
VSHFLILFSDUDPHWHUVZKLFKPDNHDQ\ORFDOEXVLQHVVVXFFHVVIXO7KHUHLVDYHU\FORVHUHODWLRQEHWZHHQWKHORFDWLRQ
DQGWKHW\SHRIEXVLQHVVVXLWDEOHIRULW6RPHRIWKHSULPDU\IDFWRUVWRGHWHUPLQHWKHVXLWDEOHEXVLQHVVIRUDORFDWLRQ
DUH GRPLQDWLQJ DJH JURXS RI FXVWRPHUVZHDWKHU FRQGLWLRQV DW WKH ORFDWLRQ GRPLQDWLQJ FXOWXUH IROORZHG E\ WKH
EX\HUV HWF 7KRXJK LW LV QRW YHU\ HDV\ WR GHWHUPLQH DFFXUDWHO\ ZKDW EXVLQHVV ZLOO SHUIRUP EHVW DW D SDUWLFXODU
ORFDWLRQ
7KHUH DUH V\VWHPV OLNH µ<HOS¶ZKLFK JHQHUDWHV UHFRPPHQGDWLRQV IRU WKH ORFDO FXVWRPHUV >@7KHVH V\VWHPV DUH
SXUHO\ EDVHG XSRQ WKH RQOLQH FXVWRPHU IHHGEDFN 7KH UHFRPPHQGDWLRQV JLYHQ E\ VXFK V\VWHPV KHOS WKH ORFDO
FXVWRPHUVWRVHOHFWDVKRSRUDVHUYLFHIURPRWKHUDOWHUQDWLYHVDYDLODEOHDWWKHVDPHORFDWLRQ7KHORFDOFXVWRPHUV
FDQVHHWKHRYHUDOOFXVWRPHUUDWLQJREWDLQHGE\DSDUWLFXODUUHVWDXUDQWLQWKHQHLJKERUKRRG$FFRUGLQJO\WKH\PD\
FKRRVHWKHUHVWDXUDQW WRHDWRUGLQHIRUDVSHFLILFRFFDVLRQ,QVXFKV\VWHPV WKHEXVLQHVVHVKDYLQJPD[LPXPVWDU
UDWLQJFRQVLVWHQWO\ LV W\SLFDOO\SUHIHUUHGE\ WKHFXVWRPHUV7KHVFRSHRIVXFKV\VWHPV LV OLPLWHG WR WKHFXVWRPHUV
7KHVH V\VWHPV KDUGO\ GR DQ\ JRRG IRU WKH QHZ HQWUHSUHQHXUV 2QH GUDZEDFN RI VXFK V\VWHPV LV WKDW EXVLQHVV
RZQHUVFDQXSGDWHWKHIUDXGUDWLQJVWRVXUYLYHLQWKHFRPSHWLWLRQ>@7KHFRPSHWLWRUVDWWHPSWWRDGGPXOWLSOHXVHU
UDWLQJVRQOLQHIRUWKHLURZQEXVLQHVVWRLQFUHDVHWKHFRXQWRIWKHµ$YHUDJH6WDU5DWLQJ¶IRUWKHLUEXVLQHVV,WLVDOVR
REVHUYHG WKDW VRPH RI WKH EXVLQHVVPHQZKR DUH IDFLQJ VHYHUH FRPSHWLWLRQ KDYH JLYHQ QHJDWLYH UDWLQJV IRU WKHLU
FRPSHWLWRUVWRGLYHUWWKHFXVWRPHUV$QRWKHUSRLQWLVWKDWWKHUHDUHV\VWHPVDYDLODEOHRQVWRFNPDUNHWSUHGLFWLRQWR
KHOSLQYHVWPHQWDJHQFLHVRUVWRFNWUDGLQJLQGLYLGXDOV>@EXWWKHUHLVQRJXLGDQFHRUKHOSDYDLODEOHIRUWKH\RXQJ
HQWUHSUHQHXUVZKRDVSLUHWRVWDUWDQHZEXVLQHVVDQGZDQWWREULQJVWDELOLW\WRWKHLUYHQWXUH7KHUHLVDOZD\VDULVNRU
IHDURIORVVLQWKHPLQGRI\RXQJHQWUHSUHQHXUV
&RQVLGHULQJ WKH QHHG RI WKH \RXQJ HQWUHSUHQHXUV DQG RWKHU VWDNH KROGHUV LQ VPDOO VFDOH EXVLQHVVHV D V\VWHP LV
SURSRVHGWKDWQRWRQO\KHOSVWKHFXVWRPHUVRUWKHLQYHVWRUVEXWDOVRWKH\RXQJHQWUHSUHQHXUVSODQQLQJWRVWDUWDQHZ
YHQWXUH(VSHFLDOO\LQWKHFRXQWU\OLNH,QGLDZKHUH\RXQJSRSXODWLRQLVKLJKDVFRPSDUHGWRRWKHUDJHJURXSVWKH
SURSRVHG V\VWHPFDQEH DJXLGLQJ WRRO IRU\RXQJHQWUHSUHQHXUV LQ VHWWLQJXS DEXVLQHVV DQG LQ WXUQERRVWLQJ WKH
HFRQRPLFFRQGLWLRQVRIWKHFRXQWU\+HUHWKHLGHDLVWRGHVLJQDSUHGLFWLYHEXVLQHVVUDQNLQJV\VWHPIRUWKHGLIIHUHQW
VWDNHKROGHUVLQVPDOOVFDOHORFDOEXVLQHVVHV)LJUHSUHVHQWVWKHYLHZSRLQWRIDOOWKHVWDNHKROGHUVRIVPDOOVFDOH
ORFDOEXVLQHVVHV(DFKVWDNHKROGHULQFOXGLQJWKHHQWUHSUHQHXUVH[LVWLQJORFDOEXVLQHVVRZQHUVRUWKHLQYHVWPHQWRU
EDQNLQJDJHQFLHVRIIHULQJEXVLQHVVORDQVZLOOEHEHQHILWWHGE\WKHSURSRVHGPRGHO
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
%HIRUHPRYLQJWRGHWDLOGLVFXVVLRQDERXWWKHSURSRVHGEXVLQHVVUDQNLQJV\VWHPWKHWZRDUHDVRISULRUUHVHDUFKXVHG
LQSUHGLFWLRQQDPHO\7LPH6HULHV0RGHOVDQG1HXUDO1HWZRUNVDUHGLVFXVVHGILUVW
1.1. Time Series Models 
7LPH 6HULHVPRGHOV KDYH EHHQ HIIHFWLYHO\ XVHG LQ SUHGLFWLRQ DQG HVWLPDWLRQV RI SDUDPHWHUV E\ SURYLGLQJ WKH
KLVWRULFDOGDWD>@(VSHFLDOO\IRUWKHILQDQFLDOSURMHFWLRQVWLPHVHULHVPRGHOVDUHZLGHO\XVHG5HFHQWUHVHDUFKRQ
7LPH6HULHV0RGHOVIRUWKHDQDO\VLVRI1HZ<RUNDQG6KDQJKDL6WRFN0DUNHWDQGVXEVHTXHQWLPSOHPHQWDWLRQRILW
DVHIIHFWLYHHFRQRPHWULFVWRROFRQILUPVWKHKLJKHIILFLHQF\RIWKHPRGHOV>@
$VPHQWLRQHG SUHYLRXVO\ WKH SHUIRUPDQFH RI D VPDOO VFDOH ORFDO EXVLQHVV LV ORFDWLRQ VSHFLILF 7KHVH ORFDWLRQ
VSHFLILF EXVLQHVVHV KDYH WKHLU RZQG\QDPLFV )RU H[DPSOH WKH SHUIRUPDQFHRI D UHVWDXUDQW EXVLQHVV LV H[FHOOHQW
GXULQJWKHKROLGD\VHDVRQZKLOHHGXFDWLRQUHODWHGEXVLQHVVHVOLNHVWDWLRQDU\VKRSSHUIRUPVEHWWHULQWKHSHULRGRI
H[DPLQDWLRQV,WLVQRWHDV\WRUHSUHVHQWWKHSHUIRUPDQFHRIDEXVLQHVVLQWHUPVRIYDULRXVSDUDPHWHUVZLWKDVLQJOH
PDWKHPDWLFDO HTXDWLRQ ,QGLD LV D KLJKO\ SRSXODWHG FRXQWU\ 7KLV KLJK SRSXODWLRQ KDV KXJH LPSDFW RQ WKH
SHUIRUPDQFHRIORFDOEXVLQHVVHV,QDGGLWLRQWRWKLVLQPHWURFLWLHVRI,QGLDPRUHWKDQFXOWXUHVDUHSUDFWLFHGRQ
DQ DYHUDJH DW D JLYHQ VLQJOH VXEXUEDQ ORFDWLRQ RU QHLJKERUKRRG 7R FDSWXUH WKHVH G\QDPLF SDUDPHWHUV DQG
VXEVHTXHQWO\FDUU\LQJRXWDQDO\VLVRIEXVLQHVVGDWDDQHIIHFWLYHPRGHO LV UHTXLUHG 7LPHVHULHVFDQFDSWXUHVXFK
G\QDPLFVWKURXJKWKHPRGHOVOLNH$5,0$RU9$50$;WRPDNHILQDQFLDOIRUHFDVWV&RQVLGHULQJWKHSRWHQWLDORI
WLPHVHULHVPRGHOVLQEXVLQHVVUHODWHGSUHGLFWLRQV>@LWEHFRPHVDQREYLRXVFKRLFHLQUHDOL]DWLRQRIWKHSURSRVHG
V\VWHP
1.2. Neural Networks 
1HXUDOQHWZRUNVDUHXVHGHIIHFWLYHO\WRLPSOHPHQWWKHPDFKLQHOHDUQLQJDOJRULWKPV)RUVXSHUYLVHGOHDUQLQJWKH
QHXUDOQHWZRUNKDVEHHQEHVWRSWLRQVLQFHORQJWLPH>@%XVLQHVVIDLOXUHVDUHSUHGLFWHGXVLQJQHXUDOQHWZRUNV
>@7KHXVHRIIHHGEDFNQHXUDOQHWZRUNVLQVWRFNSUHGLFWLRQDVVXUHVLWVIRUHFDVWLQJFDSDELOLWLHV>@7KHZD\
VWRFN SULFHV KDYH HIIHFW RI YDULHW\ RI SDUDPHWHUV WKH VPDOO VFDOH EXVLQHVVHV DOVR REVHUYH PXOWLSOH SDUDPHWHUV
DIIHFWLQJ WKH SHUIRUPDQFH 7R FDSWXUH WKH PXOWLSOH YDULDEOHV DVVRFLDWHG ZLWK WKH µ6WDUW 8S¶ SKDVH RI WKH VPDOO
EXVLQHVVHV WKHQHXUDOQHWZRUNEDVHG OHDUQLQJEHFRPHV WKHPRVWVXLWDEOHFKRLFH$Q\PXOWLGLPHQVLRQDOSUREOHP
FDQ EH HIIHFWLYHO\ PRGHOHG XVLQJ /LHEHQEHUJ 0DUTXDUGW QHXUDO QHWZRUN DOJRULWKP >@ $V VHHQ HDUOLHU WKH
SHUIRUPDQFHRIDVPDOOVFDOHEXVLQHVVGHSHQGVXSRQPXOWLSOHIDFWRUV+HQFH/LHEHQEHUJ0DUTXDUGWQHXUDOQHWZRUN
DOJRULWKPLVXVHIXOLQSUHGLFWLRQRIEXVLQHVVUDQNLQJ
/RRNLQJDWWKHYDULRXVWKUHDGVXVHIXOLQWKHUHDOL]DWLRQRIWKHSURSRVHGV\VWHPLQWKHQH[WVHFWLRQOHWXVVHHLQ
GHWDLO WKH DSSURDFKXVHG WRSUHGLFW WKHEXVLQHVV UDQNLQJ7KH UHVW RI WKHSDSHU LV RUJDQL]HG DV IROORZV VHFWLRQ
H[SORUHVWKHDSSURDFKIRUSUHGLFWLQJWKHEXVLQHVVUDQNLQJ6HFWLRQGLVFXVVHVWKHRYHUDOOIUDPHZRUNRIWKHEXVLQHVV
UDQNLQJV\VWHP6HFWLRQSUHVHQWVWKHHYDOXDWLRQDQGUHVXOWVREWDLQHGGXULQJUHVHDUFK)LQDOO\WKHSDSHUFRQFOXGHV
ZLWKWKHREVHUYDWLRQVDQGVRPHGLUHFWLRQIRUIXWXUHZRUN
7KH3URSRVHG0RGHO
2QH RI WKH REYLRXV SDUDPHWHU WKDW KHOSV DQ\ EXVLQHVV WR JURZ LV WKH FXVWRPHU VDWLVIDFWLRQ ,Q WRGD\¶VZRUOG
RQOLQHIHHGEDFNLVPRVWFRPPRQO\XVHGPHWKRGWRH[SUHVVWKHVDWLVIDFWLRQOHYHO,QWKHFRXQWU\OLNH,QGLDZKHUHWKH
QXPEHURIRQOLQHXVHUVLVJURZLQJDWWKHUDWHRIPRUHWKDQHYHU\\HDU>@WKHPRVWDSSURSULDWHZD\WRFDSWXUH
WKH IHHGEDFN LV WKURXJK WKHZHEVLWH RUPRELOH 7KH RQOLQH FXVWRPHU UDWLQJ DQG WKH RQOLQHPRXWK SXEOLFLW\ KDYH
VWURQJLPSDFWRQVSHFLILFEXVLQHVVHV>@,QWKHGHVLJQRISURSRVHGV\VWHPWKHSDUDPHWHUVLPSDFWIDFWRUVDUH
FDWHJRULHV LQWR WKUHH W\SHV DQG WKH\ DUH XVHG WR SUHGLFW WKH EXVLQHVV UDQNLQJ 7KH WKUHH FDWHJRULHV DUH FXVWRPHU
FHQWULFSDUDPHWHUVILQDQFLDOSDUDPHWHUVDQGEXVLQHVVVWDUWXSSDUDPHWHUV$VHSDUDWHPRGHOLVGHVLJQHGIRUHDFKVHW
RISDUDPHWHUVWRSUHGLFWWKHIXWXUHRIQHZEXVLQHVV7KHRXWFRPHRIWKHVHPRGHOVLVJLYHQWRQHXUDOQHWZRUNZKLFK
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JHQHUDWHVWKHEXVLQHVVUHFRPPHQGDWLRQ1RZOHWXVVHHWKHDSSURDFKIROORZHGLQSUHGLFWLRQRIEXVLQHVVUDQNLQJ
2.1. Customer Centric Parameters 
$W WKH ILUVW VWDJHRI WKHPRGHO FXVWRPHUFHQWULFSDUDPHWHUVDUHXVHG WRGHWHUPLQHZKLFKEXVLQHVVHVDUH
VXFFHVVIXOZKHQZHLJKHGDJDLQVW WKHFXVWRPHUVDWLVIDFWLRQ$W ILUVW WKHRQOLQHGDWDIRUHDFK ORFDOEXVLQHVV LQ WKH
VHOHFWHGDUHDLVFDSWXUHGIURPYDULRXVVRXUFHV7KHUHDUHYDULRXVWKLUGSDUW\DJHQWZHEVLWHVRUSRUWDOVRIIHULQJWKH
RQOLQH UDWLQJ IDFLOLW\ WR VPDOO VFDOH EXVLQHVVHV 7KH IDFLOLW\ SURYLGHG E\ DOO WKH VPDOO VFDOH EXVLQHVVHV WR WKHLU
FXVWRPHUVLVFRQVLGHUHGDVDSDUDPHWHUWRUDWHWKHEXVLQHVVHV7KHDUHDVHOHFWHGIRUWKHSURMHFWLVRQHRIWKHVXEXUEDQ
ORFDWLRQV FDOOHG9LOH 3DUOH LQ WKH FLW\ RI0XPEDL LQ ,QGLD 7KH DXWKHQWLFDWHG GDWD IURP WKH DJHQW ZHEVLWHV OLNH
ZZZVPDOOEXVLQHVV\DKRRFRPRUZZZWLPHFLW\FRPLVFROOHFWHG7KHFXVWRPHUUDWLQJREWDLQHGIRUHDFKEXVLQHVVLV
VHJUHJDWHG LQWR WZR SDUWV µ3RVLWLYH¶ DQG µ1HJDWLYH¶ )RU H[DPSOH LI DQ DJHQW ZHE VLWH RIIHUV ILYH VWDUV DV WKH
PD[LPXP UDWLQJ WKHQ WKH EXVLQHVV UHFHLYLQJ VWDU UDWLQJ IURP ]HUR VWDUV WR WZR VWDUV IDOOV XQGHU WKH FDWHJRU\ RI
µ1HJDWLYH¶UDWLQJ6LPLODUO\LIWKHEXVLQHVVUHFHLYHVPRUHWKDQWZRVWDUVWKHQWKHIHHGEDFNIDOOVXQGHUWKHµ3RVLWLYH¶
FDWHJRU\7KXV WKH RYHUDOO IHHGEDFNRI DOO WKHEXVLQHVVHV LQ WKH ORFDWLRQ LV FRPSXWHG LQ WKH IRUPRI SHUFHQWDJH
2QFHDOOWKHEXVLQHVVHVDUHUDWHGWKHQWKHFRPSDUDWLYHDQDO\VLVRIWKHEXVLQHVVHVLVFDUULHGRXW8VLQJWKLVDQDO\VLV
LWLVSRVVLEOHWRGHWHUPLQHZKLFKEXVLQHVVZLOOJHWWKHPD[LPXPµ&XVWRPHU6DWLVIDFWLRQ/HYHO¶DPRQJDOOWKHRWKHU
EXVLQHVVHVLQWKHORFDOLW\/RRNLQJDWWKHUROHRIFXVWRPHUFHQWULFSDUDPHWHUVLQGHFLGLQJEXVLQHVVUDQNLQJQRZOHW
XVVHHWKHYDULRXVILQDQFLDOIDFWRUVXVHIXOLQWKHSUHGLFWLRQRIEXVLQHVVUDQNLQJWKDWDUHFRYHUHGLQWKHQH[WVHFWLRQ
2.2. Finance Centric Parameters 
7KHVHFRQGVWDJHRIWKHPRGHOIRFXVHVRQWKHILQDQFLDOIDFWRUVDQGWKHVHIDFWRUVDUHDQDO\]HGXVLQJ7LPH6HULHV
0RGHOV,WLVHVVHQWLDOIRUDQ\EXVLQHVVRZQHUWRZHLJKWKHSHUIRUPDQFHRIWKHEXVLQHVVLQILQDQFLDOILJXUHV7KHUH
DUH VSHFLILF ILQDQFLDO SDUDPHWHUV XVHG WR DQDO\]H WKH SHUIRUPDQFH RI DQ\ EXVLQHVV $XVWUDOLDQ 6KDUHKROGHU¶V
$VVRFLDWLRQ KDV OLVWHG WKH WRS OHYHO ILQDQFLDO IDFWRUV IRU DQDO\]LQJ WKH SHUIRUPDQFH RI EXVLQHVVHV >@ 7KH ILYH
IDFWRUVVXLWDEOHIRUORFDOEXVLQHVVHVDUHOLVWHGLQWKH7DEOH$OWHUQDWLYHO\WKHVHIDFWRUVFDQEHFDOOHGDVSURILWDELOLW\
UDWLRV7KHWLPHVHULHVPRGHOVDUHXVHGWRSUHGLFWWKHSURILWDELOLW\UDWLRVZLWKWKHKHOSRIKLVWRULFDOGDWD7KXVWKH
PRGHOLVHIIHFWLYHLQDQDO\]LQJWKHILQDQFLDOSHUIRUPDQFHRIDOOWKHEXVLQHVVHVLQWKHORFDOLW\
7DEOH)LQDQFLDO)DFWRUV
5DWLR )RUPXOD
3RVLWLYH5DQNLQJ0DUJLQ 7RWDO5HYLHZV±1HJDWLYH5HYLHZV7RWDO5HYLHZV
*URVV0DUJLQ *URVV3URILW6DOHV
1HW0DUJLQ 1HW3URILW1HW6DOHV
5HWXUQRI,QYHVWPHQW 1HW,QFRPH7RWDO,QYHVWPHQW
5HWXUQRQ$VVHW 1HW,QFRPH7RWDO$VVHWV
/RRNLQJDWFXVWRPHUDQGILQDQFHFHQWULFSDUDPHWHUVDQGWKHLUUROHDWILUVWDQGVHFRQGVWDJHRIPRGHOLQJHQHUDWLQJ
XVHIXO RXWFRPHV QRZ WKHVH RXWFRPHV DUH JLYHQ WR QHXUDO QHWZRUN DORQJZLWK VWDUWXS SDUDPHWHUV WR SUHGLFW WKH
EXVLQHVVUDQNLQJ/HWXVVHHWKLVSUHGLFWLRQSURFHVVFDOOHGDVK\EULGDSSURDFKZKLFKLVLPSOHPHQWHGXVLQJQHXUDO
QHWZRUNLQQH[WVHFWLRQ
2.3. Hybrid Approach  
,QWKHSURSRVHGK\EULGDSSURDFKWKHRXWFRPHVRIERWKWKHVWDJHVDUHEOHQGHGDORQJZLWKWKHVWDUWXSSDUDPHWHUVWR
EULQJ RXW WKH PRVW DFFXUDWH PRGHO WKDW FDQ DGGUHVV WKH YLHZSRLQWV RI DOO VWDNH KROGHUV RI VPDOO VFDOH ORFDO
EXVLQHVVHV 7KH QHXUDO QHWZRUN LV XVHG DV D PDFKLQH OHDUQLQJ WRRO WR WUDLQ WKH QHWZRUN RQ WKH EHKDYLRU RI WKH
GLIIHUHQWORFDOEXVLQHVVHV$WILUVWWKHEXVLQHVVHVDUHGLYLGHGLQWRVXLWDEOHEXVLQHVVFDWHJRULHVXVLQJWKH.PHDQV
FOXVWHULQJDOJRULWKP7KHDOJRULWKPLVDSSOLHGRQWKHFRPSOHWHVHWRIEXVLQHVVHVH[LVWLQJDWDVHOHFWHGORFDWLRQ9LOH
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3DUOH7KHYDOXHRIµ&DWHJRU\3HUIRUPDQFHDJDLQVWWKH&XVWRPHU)HHGEDFN¶&3&)LVGHWHUPLQHGE\VWDWLVWLFDOO\
DQDO\]LQJ WKH FXVWRPHU IHHGEDFN IRU D VSHFLILF EXVLQHVV FDWHJRU\ 7KH ILQDQFLDO SDUDPHWHUV JLYH WKH YDOXH RI
µ&DWHJRU\3HUIRUPDQFHDJDLQVW)LQDQFLDO3DUDPHWHUV¶&3)3IRUWKHEXVLQHVVFDWHJRU\7KHVHWZRUDQNV&3)&DQG
&3)3KDYHWKHUDQJHWR5DQN]HURLQGLFDWLQJEHVWSHUIRUPDQFHZKHUHDVUDQNLQGLFDWHVZRUVWSHUIRUPDQFH
RI WKH FDWHJRU\ )RU H[DPSOH LI D SDUWLFXODU EXVLQHVV DFKLHYHG  JURZWK LQ WHUPV RI 5HWXUQ RQ ,QYHVWPHQW
52,WKHQWKLVLVWKHEHVWSRVVLEOHSHUIRUPDQFH,IDOOWKHEXVLQHVVHVXQGHUDSDUWLFXODUEXVLQHVVFDWHJRU\DUHDEOH
WR DFKLHYH WKH  52, WKHQ WKH EXVLQHVV FDWHJRU\ JHWV WKH UDQN ]HUR 7KH UDQN RI WKH EXVLQHVV FDWHJRU\ LV
GHWHUPLQHGE\FRPSXWLQJ WKH µ0RGH¶YDOXHRI WKH52,VHWJLYHQE\DOO WKHEXVLQHVVHVXQGHU WKDWFDWHJRU\$IWHU
FRPSXWLQJWKHWZRUDQNV&3)&DQG&3)3 WKHVHUDQNVDUH LQFRUSRUDWHGLQ WKHWUDLQLQJVHWDORQJZLWKWKHVWDUWXS
SDUDPHWHUV 6RPH RI WKH VWDUWXS SDUDPHWHUV ZRUWK WR PHQWLRQ DPRQJ WKH HQWLUH VHW DUH µ3ULQFLSOH ,QYHVWPHQW¶
µ1XPEHURI%XVLQHVV3DUWQHUV¶DQGµ/RDQ$PRXQW$SSURYHG¶$IWHUFRQVLGHULQJDOO LPSDFWLQJIDFWRUVIURPHYHU\
SRVVLEOHDUHDRIORFDOEXVLQHVVDQGFDWHJRULHVWKHPLQWRWKUHHW\SHVDVPHQWLRQHGHDUOLHUQRZWKHQHXUDOQHWZRUNLV
WUDLQHGXVLQJWKHVHSDUDPHWHUVWRSUHGLFWWKHEXVLQHVVUDQNLQJ/RRNLQJDWWKHSURSRVHGDSSURDFKQRZOHWXVVHHWKH
DUFKLWHFWXUHRIWKHV\VWHPLQWKHQH[WVHFWLRQ
$UFKLWHFWXUHRIWKH6\VWHP
7KH ILUVW DVSHFW WR WDNH LQWR FRQVLGHUDWLRQ LV WKH GHVLJQ RI XQGHUO\LQJ VWUXFWXUH ZKLFK UHSUHVHQWV D PRGHO
FRQFHLYHGIRUDNLQGRISUHGLFWLRQV\VWHP7KLVVHFWLRQGHVFULEHVLQGHWDLO WKHRYHUDOOIUDPHZRUNRIWKHPRGHODV
VKRZQLQ)LJ
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)LJXUHVKRZVWKDWEXVLQHVVFDWHJRULHVDQGORFDOEXVLQHVVLQIRUPDWLRQLVSDVVHGDVDQLQSXWWRWLPHVHULHVPRGHOWR
SUHGLFWUDQNLQJRIEXVLQHVVLQWHUPVRIILQDQFLDODVSHFWV2QOLQHFXVWRPHUIHHGEDFNVDUHXVHGWRDQDO\]HVWDUUDWLQJV
RIWKHEXVLQHVV1RZWKHRXWSXWRIWKHVHWZRPRGHOVDORQJZLWKWKHVWDUWXSLQIRUPDWLRQLVJLYHQDVDQLQSXWWRWUDLQ
WKHQHXUDOQHWZRUN7KHQHXUDOQHWZRUN WKHQXVHV WKH WUDLQLQJ VHW WR WHVW DQGYDOLGDWH WKHQHWZRUN7KH WHVWLQJ LV
GRQHZLWK WKH WHVW VHW FRPSULVLQJRI WKH VWDNHKROGHUSUHIHUHQFHV7RXQGHUVWDQG WKH UROHRI WKHVHFRPSRQHQWV LQ
SUHGLFWLRQSURFHVVHDFKFRPSRQHQWLVGLVFXVVHGLQGHWDLOLQVXEVHTXHQWVHFWLRQV
)LJ$UFKLWHFWXUHRI/RFDO%XVLQHVV5HFRPPHQGDWLRQ6\VWHP

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3.1. Classification of Local Businesses 
7RHYDOXDWH WKHRYHUDOOSHUIRUPDQFHRI WKH ORFDOEXVLQHVVHV LQVWHDGRI DQDO\]LQJ LW IRU HYHU\EXVLQHVV LQKLJK
SRSXODWLRQFLW\OLNH0XPEDLLWLVDOZD\VEHWWHUWRFODVVLI\WKHEXVLQHVVHVLQWRYDULRXVFDWHJRULHV7KLVFODVVLILFDWLRQ
KHOSVLQPXOWLSOHZD\V7KHUHLVDZLGHUYLHZDYDLODEOHWRWKHHQWUHSUHQHXUDERXWWKHORFDOEXVLQHVVHV5DWKHUWKDQ
MXVWSURYLGLQJWKHWHQWDWLYHµ5HWXUQRQ,QYHVWPHQW¶IRUHDFKORFDOEXVLQHVV LQ WKHQHLJKERUKRRGKHRUVKHKDV WKH
FKRLFH WR VHOHFW WKH FDWHJRU\ RI EXVLQHVVHV WR EH HYDOXDWHG )RU H[DPSOH WKH HQWUHSUHQHXU FDQ FKRRVH DQ\ RQH
FDWHJRU\RXWRIWKHIRXUFDWHJRULHVJLYHQLQ7DEOHDQGZLOOJHWWKHIXWXUHRIWKHVHOHFWHGFDWHJRU\$VPHQWLRQHG
HDUOLHUWKH.0HDQVFODVVLILFDWLRQDOJRULWKPLVXVHGWRFODVVLI\WKHEXVLQHVVHVLQWRWKHIRXUFDWHJRULHVRIEXVLQHVVHV
7DEOHOLVWVWKHFDWHJRULHVJHQHUDWHGIRUWKHORFDOEXVLQHVVHVLQ9LOH3DUOHDUHD7KHWKLUGFROXPQLQWKH7DEOHLH
µ%XVLQHVV&RXQW¶UHSUHVHQWVWKHSHUFHQWDJHRIEXVLQHVVFRXQWZLWKUHVSHFWWRWKHWRWDOEXVLQHVVHVLQWKHVHOHFWHGDUHD
1RZWKLVGDWDLVJLYHQDVRQHRIWKHLQSXWWRWLPHVHULHVPRGHOVIRUSUHGLFWLQJILQDQFLDOUDQNLQJRIWKHEXVLQHVVHV

7DEOH%XVLQHVV&DWHJRULHVIRUVHOHFWHGORFDWLRQ
%XVLQHVV&DWHJRU\ ([DPSOHVRI%XVLQHVVHV %XVLQHVV
&RXQW
(GXFDWLRQ5HODWHG%XVLQHVVHV %RRNV6KRS6WDWLRQDU\6KRS3KRWRFRS\&HQWUH 
(YHQW0DQDJHPHQW%XVLQHVVHV 'HFRUDWLRQV(QWHUWDLQPHQW&DWHULQJ6HUYLFHV 
6HUYLFH5HODWHG%XVLQHVVHV 3ULYDWH7XLWLRQV3DUORUV6DORQV%DE\6LWWLQJ 
'LUHFW6KRSSLQJ%XVLQHVVHV 6HOOLQJRI&ORWKV(OHFWURQLF*DGJHWV2UQDPHQWV*URFHU\ 
3.2. Input Model 
7KHLQSXWPRGHOKDVWKUHHGLIIHUHQWVXEPRGHOVEORFNV(DFKEORFNFDSWXUHVDVSHFLILFVHWRISDUDPHWHUVZKLFK
IXUWKHUJHWVSURFHVVHGWRREWDLQWKHFDWHJRU\UDQNLQJ7KHILUVWEORFNVWRUHVWKHLQIRUPDWLRQRIWKHVXUYH\FRQGXFWHG
RQ WKH ORFDOEXVLQHVVHV ,Q WKLVFDVH WKHDUHDFKRVHQ LVQDPHGDV µ9LOH3DUOH¶7KHSULPDU\ UHVSRQVLELOLW\RI ILUVW
EORFN LQ LQSXWPRGHO LV WRFDSWXUH WKHKLVWRULFDOGDWDDERXW WKH ORFDOEXVLQHVVHV$OO WKH ILQDQFLDOSDUDPHWHUV OLNH
DQQXDOVDOHVJURVVSURILWQHWSURILWHWFDUHFROOHFWHGIRUHDFKILQDQFLDO\HDU7KLVLVWKHSULPDU\GDWDVHWXVHGWR
FDOFXODWHWKHSURILWDELOLW\UDWLRVIRUWKHEXVLQHVV$ORQJZLWKWKHILQDQFLDOLQIRUPDWLRQDVHWRIGDWDWKDWVSHFLILHVWKH
FKDUDFWHULVWLFVRI WKHEXVLQHVV LVDOVRFROOHFWHG IURPDOO WKHEXVLQHVVHV7KHVHEXVLQHVVVSHFLILFFKDUDFWHULVWLFVDUH
XVHG WR IRUP WKH FOXVWHUVRIEXVLQHVVHV IRU DJLYHQ ORFDWLRQ)RU H[DPSOH LQ WKH µ9LOH3DUOH¶ DUHD WKHQXPEHURI
EXVLQHVVHV VHUYLQJ WKH VWXGHQW FXVWRPHUV LV YHU\ KLJK 7KXV D FOXVWHU FDQ EH FUHDWHG ZLWK WKH WLWOH µ(GXFDWLRQ
5HODWHG%XVLQHVVHV¶7KH VHFRQG UHVSRQVLELOLW\RI WKHPRGHO LV WR FDSWXUH WKH VWDUWXSSDUDPHWHUV DVPHQWLRQHG LQ
VHFWLRQIRUDOOWKHORFDOEXVLQHVVHV7KHORFDOEXVLQHVVLQIRUPDWLRQLVSURYLGHGWRWLPHVHULHVPRGHO7KHVWDUWV
XSSDUDPHWHUVDUHSDVVHGGLUHFWO\WRQHXUDOQHWZRUNIRUIXUWKHUSURFHVVLQJ
7KH UDWLQJ JLYHQ E\ FXVWRPHU WR VPDOO VFDOH EXVLQHVV IURP YDULRXV ZHEVLWHV LV FDSWXUHG DQG SDVVHG WR WKH
VWDWLVWLFDOPRGHO IRU IXUWKHUDQDO\VLV7KHSUHIHUHQFHV VXFKDVSULQFLSOHDPRXQW ORDQDSSURYHGEXVLQHVVFDWHJRU\
FKRLFHHWFIURPVWDNHKROGHUDUHFDSWXUHGE\WKHLQSXWPRGHODQGSDVVHGWRQHXUDOQHWZRUNIRUVLPXODWLRQ/RRNLQJ
DWYDULRXVEORFNVLQ LQSXWPRGHODQGWKHLUUROH LQFDSWXULQJYDULRXVSDUDPHWHUVXVHIXO LQSUHGLFWLRQRIUDQNLQJIRU
VPDOOVFDOHEXVLQHVVHVQRZOHWXVVHHKRZWKHVHLQSXWSDUDPHWHUVDUHSURFHVVHGDWYDULRXVVWDJHVRIWKHPRGHO
3.3. Time Series Prediction based on Historical Information 
7KHKLVWRULFDOGDWDREWDLQHGIURPWKHLQSXWPRGHOLVXVHGWRJHQHUDWHILQDQFLDOUDQNLQJIRUHDFKEXVLQHVVXVLQJ
WLPHVHULHVPRGHO$VWKHWRWDOQXPEHURIEXVLQHVVHVLVKLJKLQWKHVHOHFWHGDUHDLWLVQHFHVVDU\WRWDNHFDUHRIWKH
G\QDPLF EHKDYLRUV RI HDFK ORFDO EXVLQHVV VHSDUDWHO\ 7R DQDO\]H WKH G\QDPLFV RI DOO WKHVH EXVLQHVVHV FRUUHFWO\
PXOWLSOHPRGHOVKDYHEHHQ WHVWHG WRVHOHFW WKHPRVWDSSURSULDWHPRGHO IRUHDFKEXVLQHVV)RUH[DPSOH µDPRELOH
VKRS¶LVREVHUYLQJWKHOLQHDUJURZWKLQJURVVSURILWIRUODVWWHQ\HDUV,QVXFKFDVHOLQHDUUHJUHVVLRQPRGHOFDQEH
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XVHGWRSUHGLFWWKHEXVLQHVV'XULQJWKHVDPHWLPHSHULRGVRPHRWKHUEXVLQHVVVXFKDVµ/DGLHV%HDXW\3DUORU¶KDV
REVHUYHGXSVDQGGRZQLQWHUPVRISURILW ,Q WKLVFDVH WKH9$50$;PRGHO LVFKRVHQDPRQJWKHRWKHUPRGHOV
VLQFHLWFDSWXUHVWKHG\QDPLFVRIORFDWLRQEDVHGEXVLQHVVHV$VVWDWHGSUHYLRXVO\WKHIRUHFDVWRIILQDQFLDOUHWXUQV
H[SHFWHGIURPHDFKEXVLQHVVLVJHQHUDWHGXVLQJWKHWLPHVHULHVPRGHOV7KHEXVLQHVVFDWHJRU\UDQN&3)3IURP]HUR
WR WHQ LV REWDLQHG DIWHU GHWHUPLQLQJ WKH IRUHFDVW IRU DOO WKH ORFDO EXVLQHVVHV 'HSHQGLQJ XSRQ WKH SHUIRUPDQFH
SUHGLFWLRQLVREWDLQHGIRUWKHEXVLQHVVHVDQGWKHUDQNLVDVVLJQHGWRWKHEXVLQHVVHV)RUH[DPSOHLI52,SUHGLFWLRQ
IRU WKH µ%XVLQHVV ¶ LV  DQG WKH YDOXH LV  IRU µ%XVLQHVV¶ WKHQ WKH UDQN RI µ%XVLQHVV ¶ LV KLJKHU WKDQ
µ%XVLQHVV¶7KHDYHUDJHUDQNLVFRPSXWHGDIWHUFRQVLGHULQJWKHYDOXHVIRUDOOWKHILYHSURILWDELOLW\SDUDPHWHUVDV
JLYHQLQ7DEOH7KLVUDQNIXUWKHULPSDFWVWKHUDQNRIUHVSHFWLYHµ%XVLQHVV&DWHJRU\¶7KLV&3)3UDQNLVXVHGDV
RQHRIWKHLQSXWSUHGLFDWRUVWRWUDLQWKHQHXUDOQHWZRUN7DEOHVKRZVVDPSOHGDWDIRUEXVLQHVVDJDLQVWWKHILQDQFLDO
SDUDPHWHU52,EHWZHHQWKH\HDUVDQG
 
7DEOH6DPSOH'DWDIRU7LPH6HULHV3UHGLFWLRQ$$FWXDO33UHGLFWHG
%XVLQHVV 
$

$

$

$

$

$

$

$

$

$

$

$

3
5DQN
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
3.4. Statistical Analysis of Customer Feedback  
7KHRQOLQHFXVWRPHUIHHGEDFNFDSWXUHGLQWKHIRUPRIVWDUUDWLQJLVSURFHVVHGIRUVWDWLVWLFDODQDO\VLV8VLQJWKH
VWDUUDWLQJV3)0µ3RVLWLYH)HHGEDFN0DUJLQ¶UDWLRIRUDOO WKHEXVLQHVVHVLVFDOFXODWHG7KHIRUPXODWRFRPSXWH
WKH3)0LVJLYHQLQWKHHTXDWLRQ
      
)HHGEDFNV7RWDO)HHGEDFNV1HJDWLYH)HHGEDFNV7RWDO PFM      

$IWHUFRPSXWLQJWKH3)0RIDOOWKHEXVLQHVVHVWKHYDOXHRI&5&)LVGHULYHGE\ILQGLQJWKHPRGHYDOXHRIWKHVHW
RI DOO WKH EXVLQHVVHV XQGHU HDFK EXVLQHVV FDWHJRU\7KLV&5&)YDOXH LV DOVR XVHG DV LQSXW SUHGLFDWH WR WUDLQ WKH
QHXUDO QHWZRUN ,Q WKH QH[W VHFWLRQ OHW XV VHH KRZQHXUDO QHWZRUNJHQHUDWHV EXVLQHVV UHFRPPHQGDWLRQV IRU QHZ
HQWUHSUHQHXUVXVLQJDOOLQSXWSUHGLFDWRUVPHQWLRQHGLQSUHYLRXVVHFWLRQV
3.5. Neural Network Based Recommendation 
7KH ILQDO UHFRPPHQGDWLRQ LH µKRZ WKH QHZ EXVLQHVV ZRXOG SHUIRUP"¶ LV EDVHG RQ WKH RXWSXW RI WKH QHXUDO
QHWZRUN$ WKUHH OD\HUHG QHXUDO QHWZRUN KDV EHHQ GHVLJQHG WR LPSOHPHQW WKHPRGHO 7KHVH OD\HUV DUH WKH ,QSXW
/D\HU2XWSXW/D\HUDQGWKH+LGGHQ/D\HU7KHEXVLQHVVSUHGLFDWRUYDOXHVLHYDULRXVSDUDPHWHUVQDPHO\6WDUW
8S&5&)DQG&5)3DUHSURYLGHGWR,QSXW/D\HU7KHRXWSXWOD\HUSURGXFHVWKHYDOXHFDOOHGDVµ([SHFWHG5HWXUQ
RQ ,QYHVWPHQW¶ IRU WKH WDUJHW EXVLQHVV7KHQHXUDO QHWZRUN FDUULHG RXWGDWDSURFHVVLQJ LQ WKUHH VWDJHV7KH WKUHH
VWDJHVDUHWUDLQLQJVWDJHYDOLGDWLRQVWDJHDQGWHVWLQJVWDJH/LHEHQEHUJ0DUTXDUGWVXSHUYLVHGWUDLQLQJDOJRULWKPLV
XVHG WR WUDLQ DQGYDOLGDWH WKH QHXUDO QHWZRUN7KLV DOJRULWKPKDV EHHQ IRXQGXVHIXO IRU VLPLODU SUREOHPVKDYLQJ
PXOWLSOH SUHGLFDWRUV RQ WKH LQSXW VLGH %HIRUH VHOHFWLQJ WKLV DOJRULWKP IRU WKH PRGHO WKH H[SHULPHQWV ZHUH
SHUIRUPHG'XULQJH[SHULPHQWDWLRQWKUHHVXSHUYLVHGWUDLQLQJDOJRULWKPVIRUWKHQHXUDOQHWZRUNDUHFRPSDUHGRQWKH
EDVLV RI YDULRXV SDUDPHWHUV 7KH WKUHH VXSHUYLVHG WUDLQLQJ DOJRULWKPV FRPSDUHG DUH HUURU EDFN SURSDJDWLRQ
DOJRULWKP*DXVV1HZWRQ$OJRULWKPDQGWKH/LHEHQEHUJ0DUTXDUGW$OJRULWKP7KH7DEOHJLYHVWKHFRPSDUDWLYH
DQDO\VLVRIWKHWKUHHVXSHUYLVHGWUDLQLQJDOJRULWKPVXVHGIRUQHXUDOQHWZRUNEDVHGSUHGLFWLRQ,WFDQEHREVHUYHGWKDW
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WKH/LHEHQEHUJ0DUTXDUGWEDVHGGHVLJQLVPXFKIDVWHUWKDQWKH(%3(UURU%DFN3URSDJDWLRQDOJRULWKPDQGPRUH
VWDEOHWKDQ*DXVV1HZWRQDOJRULWKP7KXVIRUFRPSOH[SUREOHPVWKH*DXVV1HZWRQPHWKRGPD\QRWFRQYHUJHDW
DOO DQG WKH HUURU EDFN SURSDJDWLRQ DOJRULWKP EHFRPHV LQHIILFLHQW WR ILQG WKH VROXWLRQ WR WKH SUREOHP ZKLOH WKH
/LHEHQEHUJ0DUTXDUGWEDVHGGHVLJQOHDGVWRWKHVROXWLRQ
7DEOH&RPSDULVRQDPRQJGLIIHUHQWDSSURDFKHVIRUWKHSUREOHP
$OJRULWKP &RQYHUJHQFH5DWH $YHUDJH,WHUDWLRQ $YHUDJH7LPH
(UURU%DFN3URSDJDWLRQ$OJRULWKP   
*DXVV1HZWRQ$OJRULWKP   
/HGHUEHUJ0DUTXDUGW$OJRULWKP   

)URP WKH FRPSDUDWLYH DQDO\VLV LW LV HYLGHQW WKDW WKH OLYHQHU0DUTXDUGW DOJRULWKP LV EHWWHU VXSHUYLVHG WUDLQLQJ
DOJRULWKP WR WUDLQ WKH QHXUDO QHWZRUN DQG WKXV JHQHUDWLQJ WKH EXVLQHVV UDQNLQJ DQG SUHGLFWLQJ WKH IXWXUH RI WKH
EXVLQHVV ,Q WKH WUDLQLQJVWDJH WKH µ7UDLQLQJ6HW'DWD¶RU µ6DPSOH'DWD IRU7UDLQLQJ¶ LVSURYLGHG WR WKHQHWZRUN
+HUHWKHWUDLQLQJVHWUHSUHVHQWVWKHGDWDDERXWWKHH[LVWLQJEXVLQHVVHV7KLVGDWDLVWKHRXWFRPHRIWKHSULRUWKUHH
VXEPRGHOVRIWKHV\VWHPQDPHO\LQSXWPRGHOWLPHVHULHVPRGHODQGWKHVWDWLVWLFDOPRGHO7KHYDOLGDWLRQVDPSOHV
DUH DXWRPDWLFDOO\ FKRVHQ IURP WKH WUDLQLQJ VHW 7KLV SDUWLFXODU GHVLJQ LV DFKLHYHG DIWHU URXQGV RI WHVWLQJ ZLWK
GLIIHUHQW FRQILJXUDWLRQV >@ 7KH VXSHUYLVHG OHDUQLQJ DSSURDFK LV XVHG WR WUDLQ WKH QHWZRUN DQG WKH RXWSXW LV
JHQHUDWHGLQWKHIRUPRIµ52,3HUFHQWDJH¶YDOXHIRUWKHJLYHQLQSXW1H[WVHFWLRQFRYHUVWKHUHVXOWREWDLQHGLQWKH
UHVHDUFKDQGDQDO\VLVRILW
   
(YDOXDWLRQDQG5HVXOWV
7KHSHUIRUPDQFHRIWKHV\VWHPLVHYDOXDWHGDJDLQVWWKHµ5RRW0HDQ6TXDUH(UURU¶506(YDOXHREWDLQHGDIWHU
WKHVLPXODWLRQRIWKHQHXUDOQHWZRUN7KH506(LVRQHRIWKHPRVWFRPPRQO\XVHGSHUIRUPDQFHPHDVXUHSDUDPHWHU
WRHYDOXDWHWKHSHUIRUPDQFHRIWKHQHXUDOQHWZRUN>@7KHSHUIRUPDQFHPHDVXUHGLQWHUPVRIPHDQVTXDUHGHUURU
DQGLWLVUHSUHVHQWHGRQWKHORJVFDOH

       
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
)LJ3HUIRUPDQFH*UDSKRIWKH1HXUDO1HWZRUN)LJ5HJUHVVLRQ3ORWVIRU7UDLQLQJ9DOLGDWLRQDQG7HVWLQJ

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7KHHUURUYDOXHUDSLGO\GHFUHDVHVDV WKHQHWZRUN LV WUDLQHGDVVKRZQLQ)LJ  ,W LVFOHDU IURPWKHSORW WKDW WKH
YDOLGDWLRQ DQG WHVWLQJ SHUIRUPDQFH LV FRQVWDQW DIWHU WKH  HSRFKV 7KLV LV D IDLUO\ UHDVRQDEOH QXPEHU DQG WKH
QHWZRUNFDQEHXVHG IRU UHDOGDWDRIXSFRPLQJILQDQFLDO\HDUV7KH WLPH UHTXLUHG IRU WKHQHWZRUN WRSHUIRUP WKH
WUDLQLQJ LV LQ VHFRQGV )LJ  VKRZV WKH UHJUHVVLRQ SORWV RI WKH WKUHH SKDVHV WUDLQLQJ YDOLGDWLRQ DQG WHVWLQJ
UHVSHFWLYHO\RIWKHQHXUDOQHWZRUN7KLVSORWFRPSDUHVWKHRXWSXWRIWKHQHXUDOQHWZRUNDJDLQVWWKHILWQHVVIXQFWLRQ
XVHG7KHUHJUHVVLRQSORWVKRZVWKHDFWXDOQHWZRUNRXWSXWSORWWHGLQWHUPVRIWKHDVVRFLDWHGWDUJHWYDOXHV$VVKRZQ
LQWKHSORWWKHRXWSXW±WDUJHWUHODWLRQVKLSFORVHO\LQWHUVHFWVWKHERWWRPOHIWDQGWRSULJKWFRUQHUV7KLVFOHDUO\VKRZV
WKDWWKHWUDLQLQJLVGRQHRSWLPDOO\7KHGDWDLVFROOHFWHGIURPWKHORFDWLRQ9LOH3DUOH0XPEDLDQGWKHWLPHSHULRG
FRQVLGHUHG IRU FROOHFWLRQ LV EHWZHHQ ILQDQFLDO \HDUV  WR  7KH WUDLQLQJ SKDVH XVHG WKH WUDLQLQJPHWULFV
FRQWDLQLQJ WKHUHFRUGVRI WKHORFDOEXVLQHVVHV WR WUDLQ WKHQHXUDOQHWZRUN7KHYDOLGDWLRQRI WKHQHXUDOQHWZRUN LV
SHUIRUPHGXVLQJWKHVHOHFWHGVDPSOHVIURPWKHWUDLQLQJVHW7KHWHVWLQJSKDVHHYDOXDWHV WKHQHWZRUNRQWKHDFWXDO
XVHU LQSXW 7KH WHVWLQJ VHW FRQWDLQV WKH XVHU SUHIHUHQFHV 7KH H[DPSOHV RI XVHU SUHIHUHQFHV SDUDPHWHUV DUH
µ%XVLQHVV&DWHJRU\&KRLFH¶RUWKHµ1XPEHURI3DUWQHUVLQWKHEXVLQHVVHV7KHVHYDOXHVDUHVHOHFWHGE\WKHXVHUIURP
WKH FKRLFHV JLYHQ WKURXJK WKH XVHU LQWHUIDFH )URP WKH RYHUDOO UHVXOW RI 506(    REWDLQHG E\ WKH QHXUDO
QHWZRUNLQGLFDWHVWKDWWKHSHUIRUPDQFHRIWKHQHXUDOQHWZRUNLVKLJKO\HIILFLHQWWRUHVROYHWKHFRPSOH[SUREOHPOLNH
ORFDOEXVLQHVVSUHGLFWLRQV7RWHVWWKHFODLPWKDWWKHGHVLJQRIQHXUDOQHWZRUNZLWKKLGGHQOD\HUVZLWK506( 
 LV WKH EHWWHU GHVLJQ GLIIHUHQW QHXUDO QHWZRUNV DUH GHVLJQHG ZLWK GLIIHUHQW FRPELQDWLRQV RI KLGGHQ OD\HU
VHWWLQJV DQG WKH UHVXOWV REWDLQHG IURP WKHVH GHVLJQV DUH FRPSDUHG$OWHUDWLRQV LQ WKH KLGGHQ OD\HU VHWWLQJV HLWKHU
UHVXOWVLQRYHUILWWLQJRUGHWHULRUDWHVWKHSUHGLFWLRQSHUFHQWDJH:KHQWKHKLGGHQOD\HUVDUHLQFUHDVHGWRIURP
WKH SHUIRUPDQFH FRQYHUJHQFH UHTXLUHG KLJKHU QXPEHU RI HSRFKV 7KH SHUIRUPDQFH RI QHXUDO QHWZRUNZDV SRRU
ZKHQWKHKLGGHQOD\HUVDUHUHGXFHGWRIURP7KHILJXUHVKRZVWKHUHGXFHGYDOXHRI506(ZKHQWKHQXPEHU
RIKLGGHQOD\HUVDUHVHWWR7KXVWKHQHXUDOQHWZRUNGHVLJQHGZLWKKLGGHQOD\HUVRIIHUVDFFXUDF\IRU
WKHSUHGLFWLRQRIWKHORFDOEXVLQHVVSHUIRUPDQFH
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&RQFOXVLRQDQG)XWXUH6FRSH
&RQVLGHULQJWKHVWDWHRIWKHSUREOHPWKHUHVXOWVREWDLQHGLQWKLVUHVHDUFKDUHHQFRXUDJLQJ7KHREMHFWLYHRIVHUYLQJ
WKH VPDOO VFDOH EXVLQHVV VWDNH KROGHUV FDQ EH DFKLHYHG E\ LPSOHPHQWLQJ WKLV PRGHO $V IDU DV WKH HIILFLHQF\ LV
FRQVLGHUHG WKH PRGHO LV WHVWHG IRU WKH KLJKO\ SRSXODWHG VXEXUEDQ ORFDWLRQ ZLWK WRWDO QXPEHU RI VPDOO VFDOH
EXVLQHVVHVJUHDWHUWKDQ7HVWLQJRIWKHQHXUDOQHWZRUNZLWKODUJHUGDWDVHWLPSURYHVWKHYDOXHRI506(DQGFDQ
)LJ3HUIRUPDQFHRIWKH1HXUDO1HWZRUNZLWKKLGGHQOD\HUV
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EHFRQVLGHUHGDVSDUWRIIXWXUHVFRSH7KLVFOHDUO\LQGLFDWHVWKDWWKHPRGHOFDQILWZHOOLQDQ\FLW\RUWRZQZLWKKLJK
SRSXODWLRQRI ORFDO EXVLQHVVHV DVZHOO DV WKH FXVWRPHUV7KH ULVN RI ORVV RU IDLOXUH FDQEHPLWLJDWHGZLWK KLJKHU
SUREDELOLW\RIVXFFHVVIRUWKHQHZEXVLQHVVLQWKHORFDWLRQ)URPWKLVLWFDQEHFRQFOXGHGWKDWWKHSURSRVHGPRGHO
FDQEHDIRUZDUGVWHSWRZDUGVLPSURYLQJWKHHFRQRPLFFRQGLWLRQRIDUHJLRQRUDORFDWLRQ
'HSHQGLQJXSRQWKHORFDWLRQZKHUHWKHPRGHOLVEHLQJLPSOHPHQWHGWKHYDULDWLRQVDUHSRVVLEOHLQWKHPRGHOGXHWR
WKHFKDQJH LQEXVLQHVVGDWDRI WKH ORFDWLRQ7KHUH LVDKXJH VFRSH IRU WKHPRGHO LQ WHUPVRI LQWHJUDWLRQZLWK WKH
µ/RFDO%XVLQHVV3URPRWLRQ¶GULYHV WDNHQXSE\ WKH FRPSDQLHV OLNH*RRJOH DQG<DKRR%RWKRI WKHVH FRPSDQLHV
KDYHWKHLUSRUWDOVIRUORFDOEXVLQHVVHV/RFDOEXVLQHVVRZQHUVFDQUHJLVWHUWKHLUEXVLQHVVHVZLWKWKHVHSRUWDOVDQGFDQ
JHW WKH EHQHILWV RI PDUNHWLQJ FXVWRPHU UDQNLQJ DQG ORFDWLRQ VSHFLILF DGYHUWLVHPHQWV ,I WKH SURSRVHG PRGHO
LQWHJUDWHGZHOOZLWKWKHVHZHEVLWHVWKHQLWWKHFDQSURYLGHWKHDGYDQFHIHDWXUHRIµ6XFFHVV3UHGLFWLRQ¶WRWKHVHZHE
VLWHVDOVR

5HIHUHQFHV

3KLO&KHQ'DQ3RVFK&ROODERUDWLYH)LOWHULQJRQYHU\VSDUVHJUDSKV$UHFRPPHQGDWLRQV\VWHPIRU<HOSFRP1RYHPEHU
)DNHLWWLOO\RXPDNHLW5HSHWLWLRQ&RPSHWLWLRQDQG\HOS5HYLHZ)UDXG0LFKDOH/XFD*HRUJHRV=HUYDV<HOSFRP-XO\
$6WXG\RIWKH3DUDPHWHUVRID%DFN3URSDJDWLRQ6WRFN3ULFH3UHGLFWLRQ0RGHO&ODUHQFH1:7DQ*HUKDUG(:LWWLQJ,(((
=KDQJ<LQJMLDQ3UHGLFWLRQRIILQDQFLDOWLPHVHULHVZLWKKLGGHQPDUNRYPRGHOV6KDQGRQJ8QLYHUVLW\&KLQDVQ
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,)35,
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6$6,QVWLWXWH,QF
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
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8QLYHUFLW\RI$DUKXV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,(((
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